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ABSTRACT
The mass of the lenses giving rise to Galactic microlensing events can be constrained by measuring the relative
lens-source proper motion and lens flux. The flux of the lens can be separated from that of the source, compan-
ions to the source, and unrelated nearby stars with high-resolution images taken when the lens and source are
spatially resolved. For typical ground-based adaptive optics (AO) or space-based observations, this requires
either inordinately long time baselines or high relative proper motions. We provide a list of microlensing
events toward the Galactic Bulge with high relative lens-source proper motion that are therefore good candi-
dates for constraining the lens mass with future high-resolution imaging. We investigate all events from 2004
– 2013 that display detectable finite-source effects, a feature that allows us to measure the proper motion. In
total, we present 20 events with µ & 8 mas yr−1. Of these, 14 were culled from previous analyses while 6
are new, including OGLE-2004-BLG-368, MOA-2005-BLG-36, OGLE-2012-BLG-0211, OGLE-2012-BLG-
0456, MOA-2012-BLG-532, and MOA-2013-BLG-029. In .12 years from the time of each event the lens and
source of each event will be sufficiently separated for ground-based telescopes with AO systems or space tele-
scopes to resolve each component and further characterize the lens system. Furthermore, for the most recent
events, comparison of the lens flux estimates from images taken immediately to those estimated from images
taken when the lens and source are resolved can be used to empirically check the robustness of the single-epoch
method currently being used to estimate lens masses for many events.
Subject headings: gravitational lensing: micro – binaries: general
1. INTRODUCTION
Gravitational microlensing provides a useful tool for char-
acterizing Galactic objects in a way that is unbiased by their
brightness. One way to characterize a lens system is to de-
termine its physical parameters by simultaneously measuring
the microlens parallax piE and Einstein radius θE. The Ein-
stein ring represents the image of the lensed star (source) in
the case of exact lens-source alignment, and its radius is com-
monly used as an angular scale in lensing phenomena. The
Einstein radius is related to the physical parameters of the lens
system by θE = (κMpirel)1/2, where M is the total mass of the
lens system, κ = 4G/(c2AU), pirel = AU(D−1l −D−1s ), and Dl and
Ds are the distances to the lens and source, respectively. The
magnitude of piE corresponds to the relative lens-source paral-
lax, pirel, normalized to θE. However, it is generally difficult to
measure either piE or θE, making it all the more unlikely to be
able to measure both quantities simultaneously. As a result,
determining the physical quantities of the lens system via this
method has been possible only for a small fraction of lensing
events.
Another way to characterize a lens is to directly detect the
light from the lens system. In general, direct lens detections
are difficult because the typical separations between the lens
and source at the time of the event or soon after are on the
order of milli-arcseconds (mas), precluding resolution of the
lens from the source. Nevertheless, in principle, measuring
the flux of the lens and the source separately can be done
without resolving the two systems. The flux of the source
star can be “de-blended” from the combined blend flux from
all unresolved objects, associated or otherwise, by fitting a
microlensing model to the ground-based light curve, since
only the source star is magnified during the event. A high-
resolution image of the target then resolves out all unrelated
stars with a high probability. Finally, converting the source
flux derived from the ground-based data to the photometric
system of the high-resolution data, typically taken in the near-
infrared (NIR), and subtracting it from the flux of the target
measured in the high-resolution data yields a measurement of
excess flux that is not due to the source star itself or to stars
with angular separations from the source that are greater than
the resolution of the high-resolution data. Assuming this ex-
cess flux is due solely to the lens, the lens mass can then be
estimated by combining the resulting mass-distance relation
with a mass-luminosity relation and measuring the relative
lens-source proper motion (e.g., Bennett et al. 2006, 2007).
This “single-epoch” method has been used to estimate the
mass of a number of the hosts of planetary microlensing
events (e.g., Sumi et al. 2010; Batista et al. 2011). However,
there exists the possibility that some or all of the excess flux
arises from companions to either the lens or the source, or
even (with much lower probability) flux from unrelated stars
that are blended with the source even in the higher-resolution
images. Furthermore, ground-based H−band data exist for
only a subset of microlensing events. For these cases, aligning
the ground-based data from which the source flux is derived
to the photometric system of the high-resolution data requires
a large number of bright and isolated stars, which is diffi-
cult to achieve in the ground-based data due to the crowded
fields and in the high-resolution image due to the small field
of view. In the case that no ground-based H−band data ex-
ist, the source flux derived from the ground-based light curve
must be transformed from the I−band optical flux measure-
ments taken during the event to the NIR flux measurements
of the high-resolution data. Thus, there are significant un-
certainties present, whether in the alignment between the two
photometric systems or the flux transformation from optical
to NIR.
It is possible to circumvent many of the potential difficulties
of the single-epoch method by simply waiting until the source
and lens have separated sufficiently that they are resolved in
a high-resolution image (Han & Gould 2003). Then, under
the assumption that any potential companions to the lens are
sufficiently dim, the flux of the lens can be measured directly,
thereby eliminating any potential contamination from unre-
lated stars or companions to the source as well as any need
to calibrate the photometry to the ground-based light curve
data. However, most microlensing events toward the Galactic
Bulge have sufficiently small relative lens-source proper mo-
tions such that resolving the lens and source requires one to
wait an inordinately long time.
In this paper, we present a catalog of lensing events to-
ward the Galactic Bulge discovered over the period 2004 –
2013 with sufficiently high relative proper motions of µ & 8
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mas yr−1 to allow for resolution of the lens and source and
thus a direct measurement of the lens flux within .12 years,
given the ∼0.1′′ resolution of ground-based Adaptive Op-
tics (AO) systems and space telescopes. A subset of these
events currently retain modest lens-source separations of .20
mas and thus are unresolvable with present high-resolution
systems. For these events, taking an immediate NIR high-
resolution image will allow for a single-epoch estimate of
the lens flux. By comparing this measurement to the di-
rect measurement obtained later with an additional high-
resolution image taken when the lens and source have sep-
arated enough to be resolved, it will be possible to directly
and empirically test for contamination from companions to
the source or from unrelated stars and to uncover any system-
atic errors involved in the flux alignment or transformation.
Our catalog includes 20 total events with relative lens-source
proper motions of µ & 8 mas yr−1. Of these, 14 have pre-
viously published values of µ while we present the analysis
for 6 new events: OGLE-2004-BLG-368, MOA-2005-BLG-
36, OGLE-2012-BLG-0211, OGLE-2012-BLG-0456, MOA-
2012-BLG-532, and MOA-2013-BLG-029.
The outline of the paper is as follows. In Section 2 we dis-
cuss the selection criteria for the events and describe the data
for each new event. In Section 3 we explain the analysis pro-
cedure of the events. We then combine the results of our anal-
ysis with a thorough literature search to provide a catalog of
lensing events with high relative proper motion in Section 4.
We also specifically address the current and future prospects
of directly imaging the lenses in our catalog. In Section 5 we
present our conclusions.
2. EVENT SELECTION AND DATA
The relative lens-source proper motion is determined by
µ = θE/tE. Here tE represents the time for the source to cross
the Einstein radius. This Einstein time scale is routinely mea-
sured from the analysis of an observed lensing light curve.
The Einstein radius is determined by θE = θ∗/ρ, where θ∗ is
the angular radius of the source star and ρ is the angular source
radius normalized to the Einstein radius. Both θ∗ and ρ are
observable in the case of certain events, as discussed below.
Then, the relative proper motion is expressed in terms of these
observable quantities by
µ =
θ∗
ρtE
. (1)
We note that the proper motion in equation (1) is in the
geocentric frame of reference. However, for our purposes we
are interested in the (vector) proper motion in the heliocentric
frame µhel, which is related to the (vector) geocentric proper
motion µgeo by (Gould 2004; Dong et al. 2009b),
µgeo = µhel −
pirel
AU
v⊕,⊥, (2)
where pirel is the relative lens-source parallax and v⊕,⊥ is the
projected Earth motion at the peak of the event. This conver-
sion thus requires a measurement of pirel, which we lack for
all new events presented here. Regardless, the difference be-
tween the geocentric and heliocentric time scales is typically
small and so likely does not significantly affect our derived
results. Therefore, we will heretofore just refer to the magni-
tude of the geocentric proper motion as µ.
We establish the following criteria for the selection of our
catalog:
1. The event must display significant finite-source effects.
2. There must be multiband photometric data for the
event.
3. The data must be of sufficient quality and coverage to
measure tE and ρ robustly.
4. The relative proper motion must be high, specifically
the value for µ must be within one sigma of 8 mas yr−1,
or higher.
Finite-source effects are necessary to measure ρ. These
effects become important when different parts of a source
star experience different amounts of magnification, i.e., when
there is a significant second derivative of the magnification
across the surface of the source star. In the case of a sin-
gle lensing mass, this corresponds to an area very near the
lens. Thus, prominent finite-source effects can be observed
for high-magnification events in which the source passes very
near to or over the lens. For a lens system composed of two
masses, finite-source effects can be observed in the regions
around caustics. Caustics represent the locations in the plane
of the source where the magnification of a point-source di-
verges to infinity. For a binary lens, there exists a set of 1 –
3 closed caustic curves, depending on the binary separation.
Then, in the case of a binary lens, finite-source effects can be
observed when the source approaches near or crosses a caus-
tic.
We require that there exist multiband data in order to es-
timate θ∗. For sources on the main sequence it is possible to
estimate their color from their magnitude with reasonable pre-
cision. However, for sources that reside on the main sequence
turnoff or the subgiant branch, such an estimate is highly un-
certain. In these cases the color must be obtained by direct
measurement. As most microlensing events in current surveys
have sources that do not lie on the main sequence, we require
multiband photometry in order to measure the color explic-
itly, which then allows us to estimate the de-reddened color
and brightness of the source, from which θ∗ can be inferred.
The requirement of precise and dense coverage of a lensing
light curve is important for accurately determining the lensing
parameters, particularly ρ and tE.
We scour the lists of lensing events discovered during the
period 2004 – 2013 and identify 20 events that satisfy the
above criteria. Among them, 14 events have been previ-
ously analyzed, and so we extract their values of θE and µ
from the literature. We identify 6 new events that meet the
above criteria and do not have extant published analyses:
OGLE-2004-BLG-368, MOA-2005-BLG-36, OGLE-2012-
BLG-0211, OGLE-2012-BLG-0456, MOA-2012-BLG-532,
and MOA-2013-BLG-029. Table 1 lists the equatorial and
Galactic coordinates for each newly analyzed event.
Each of the events analyzed in this paper is named accord-
ing to the survey group that alerted (i.e., discovered) the event,
followed by the year of discovery, observation field, and a
sequence number assigned to that event. Five of the events
presented here were independently discovered by the Optical
Gravitational Lensing Experiment (OGLE: Udalski (2003))
and the Microlensing Observations in Astrophysics collabora-
tion (MOA: Bond et al. (2001); Sumi et al. (2003)), while one
event, MOA-2005-BLG-36, was discovered only by MOA.
We label each event such that the name of the group to first
alert the event appears first. These events were also observed
by follow-up groups using networks of telescopes, including
the Microlensing Follow-Up Network (µFUN: Gould et al.
(2006)), and RoboNet (Tsapras et al. 2009). All events were
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TABLE 1. COORDINATES OF EVENTS
Event R.A. (J2000) Dec. (J2000) l b
OGLE-2004-BLG-368 17h56m14s.91 -29h36m54s.2 0.60◦ -2.34◦
MOA-2005-BLG-36 17h57m23s.71 -27h27m54s.1 2.59◦ -1.48◦
OGLE-2012-BLG-0211 18h10m10s.96 -25h01m40s.2 6.12◦ -2.78◦
OGLE-2012-BLG-0456 17h54m46s.69 -28h59m51s.9 0.97◦ -1.75◦
MOA-2012-BLG-532 17h58m41s.13 -30h02m11s.8 0.50◦ -3.01◦
MOA-2013-BLG-029 17h55m41s.06 -30h40m29s.3 -0.38◦ -2.77◦
NOTE. — R.A. and Dec. are taken from the alert page for whichever survey group first alerted the event.
TABLE 2. TELESCOPES
Event MOA OGLE µFUN RoboNet/MiNDSTEp
OGLE-2004-BLG-368 MJUO 1.8m LCO 1.3m CTIO 1.3m
Wise 1.0m
CTIO Yale 1.0m
MOA-2005-BLG-36 MJUO 1.8m CTIO 1.3m
Auckland 0.4m
OGLE-2012-BLG-0211 MJUO 1.8m LCO 1.3m CTIO 1.3m
FCO 0.36m
Auckland 0.4m
PEST 0.3m
Kumeu 0.36m
Molehill 0.3m
OGLE-2012-BLG-0456 MJUO 1.8m LCO 1.3m Wise 1.0m
MOA-2012-BLG-532 MJUO 1.8m LCO 1.3m CTIO 1.3m FTN 2.0m
OPD 0.6m LT 2.0m
Wise 1.0m
MOA-2013-BLG-029 MJUO 1.8m LCO 1.3m Auckland 0.4m
PEST 0.3m
NOTE. — MJUO: Mt. John University Observatory, New Zealand; LCO: Las Campanas Observatory, Chile; CTIO: Cerro Tololo Inter-American Observatory,
Chile; FCO: Farm Cove Observatory, New Zealand; PEST: Perth Exoplanet Survey Telescope, Australia; OPD: Observatório do Pico dos Dias, Brazil; FTN:
Faulkes Telescope North, Hawaii; LT: Liverpool Telescope, La Palma, Spain.
observed toward the Galactic Bulge, for which the field des-
ignation is BLG. In Table 2 we list the telescopes used for the
observation of each event.
All data were reduced by the respective groups using their
own photometric pipelines, most of which employ difference
image analysis (Alard & Lupton 1998; Wozniak et al. 2001;
Bramich 2008; Albrow et al. 2009). We normalize the flux
measurement uncertainties of each data set by first adding a
quadratic term to make the cumulative χ2 distribution approx-
imately linear as a function of magnification and subsequently
rescaling the uncertainties so that χ2/dof for each data set be-
comes unity for the best-fit model.
3. ANALYSIS
The analysis of each of the 6 events follows the same pro-
cedure. In the case of a single lens, we search for a best-fit
set of lensing parameters starting from a preliminary point-
source model. The lensing parameters include the time of the
source’s closest approach to the lens, t0, the lens-source sep-
aration at that moment normalized to the Einstein radius, u0
(impact parameter), and tE. In order to refine the solution, we
then run a Markov Chain Monte Carlo (MCMC) search of pa-
rameter space. In this process, we include ρ as an additional
parameter to account for finite-source effects.
In the case of a binary lens, we begin with a grid search
across the projected separation of the lens components, s, nor-
malized by θE, the mass ratio of the lens components, q, and
the source trajectory angle with respect to the binary lens axis,
α. At each (s, q, α) grid point we run an MCMC search to find
the best-fit combination of the remaining lensing parameters
t0, u0, tE, and ρ. We iteratively run the grid search to narrow
down the parameter space around the global minimum. Start-
ing near the global minimum identified by the grid search we
then run a full MCMC search of parameter space, also allow-
ing the grid parameters to vary, to determine the parameters
and uncertainties of the best-fit model that minimizes χ2.
For each event, we estimate θ∗ based on the multiband (V
and I) source brightness measured from the analysis of the
lensing light curve. For this, we locate the source star in
a color-magnitude diagram of neighboring stars in the same
field (see Figure 1). Using the centroid of the giant clump as
a standard candle with (V − I)RC,0 = 1.06 (Bensby et al. 2011)
and accounting for how IRC,0 varies with Galactic longitude
(Nataf et al. 2013), we compute the de-reddened V and I mag-
nitudes and V − I color of the source assuming a bar angle of
25 degrees (Nataf et al. 2013) and that the source star is lo-
cated in the bar. First cite the first one (Kervella et al. 2004b)
and then cite the second one (Kervella et al. 2004a).
Because finite-source effects are present in all events, vari-
ations in the surface brightness of the source due to limb-
darkening must be accounted for to correctly compute the
magnification. To do this, we model the surface bright-
ness profile as Sλ ∝ 1 −Γλ(1 − 3cos(φ)/2), where Γλ is the
bandpass-specific limb-darkening coefficient and φ is the an-
gle between the line of sight toward the source and the nor-
mal to the source surface. We use the de-reddened color and
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TABLE 3. LIMB-DARKENING COEFFICIENTS
Event ΓV ΓR ΓI ΓN
OGLE-2004-BLG-368 0.73 0.63 0.52 0.58
MOA-2005-BLG-36 0.80 0.71 0.59 0.65
OGLE-2012-BLG-0211 0.57 0.49 0.41 0.45
OGLE-2012-BLG-0456 ... 0.64 0.53 0.59
MOA-2012-BLG-532 0.64 0.55 0.46 0.50
MOA-2013-BLG-029 ... 0.61 0.51 0.56
NOTE. — Here "N" indicates that the data are unfiltered.
FIG. 1.— The color-magnitude diagrams for all 6 lensing events. The
red filled circle marks the centroid of the giant clump, while the filled green
square denotes the source. The magnitude and color plotted here are instru-
mental, but we are able to obtain the de-reddened source magnitude and color
by using the centroid of the giant clump as a standard candle.
brightness of the source star to estimate its spectral type, sur-
face temperature Teff, and surface gravity log g from the cali-
bration tables of Cox (2000). Using Teff and log g we interpo-
late across the tables of Claret (2000) to obtain Γλ, assuming
solar metallicity and a microturbulent velocity of v = 2 km s−1.
Table 3 lists the bandpass-specific limb-darkening coefficients
used for each event.
Table 4 gives the best-fit lensing parameters and their un-
certainties for each event. We note that for both OGLE-2012-
BLG-0211 and MOA-2012-BLG-532, the source is quite
faint. In such cases, the flux measurement uncertainties can be
of-order the flux measurements themselves and systematics in
the baseline data can thus introduce biases in the determina-
tion of tE. For a lengthier discussion of the effect such system-
atics can have on the microlensing parameters derived from
the light curve, please see Yee et al. (2012). We also include
the measurements of the source and blend flux, Fs and Fb, re-
spectively, the ratio Fb/Fs, and their uncertainties in Table 5.
We restrict ourselves to those events with OGLE data, as their
reported magnitudes are approximately calibrated, and thus
quote these values only for the OGLE data. These parameters
are useful when measuring the relative lens-source proper mo-
tion and lens flux via the methods described in Bennett et al.
(2007). In Figures 2 – 7 we present the light curves of the in-
dividual events, superimposing the light curve of the best-fit
model.
FIG. 2.— Light curve of OGLE-2004-BLG-368. The telescope labels
identify the color of the corresponding data and the bandpass. The upper
panel enhances the region where finite-source effects are prominent.
The event OGLE-2004-BLG-368 was produced by a binary
lens with a projected separation greater than the Einstein ra-
dius. In the case of a wide binary with s > 1 there exist
two caustics, one close to each lens component. The per-
turbation occurred when the source passed over the caustic
nearest the more massive lens component. The first bump
at HJD′ = HJD − 2450000 ≈ 3184.4 was produced by the
source’s approach close to a cusp of the caustic. After the ini-
tial bump, the center of the source crossed the caustic 4 times,
but ρ is larger than the gaps between the caustic entrance and
exit and thus each of the two pairings of a caustic entrance
and exit appears as a single bump, the first at HJD′ ≈ 3185.2
and the second at HJD′ ≈ 3185.7.
MOA-2005-BLG-36 was caused by a single lensing mass.
This event occurred in a highly extinguished region, so while
the source has a faint apparent magnitude, it is actually a gi-
ant. The impact parameter is smaller than the normalized
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TABLE 4. BEST-FIT LENSING PARAMETERS
Event χ2/dof t0 u0 tE ρ s q α
[days] [days]
OGLE-2004-BLG-368 3488.2/3446 3185.240 0.041 5.3 0.040 2.27 0.66 4.912
±0.004 ±0.001 ±0.1 ±0.002 ±0.04 ±0.03 ±0.006
MOA-2005-BLG-36 692.4/684 3550.680 0.0146 12.6 0.033 ... ... ...
±0.003 ±0.0009 ±0.5 ±0.002 ... ... ...
OGLE-2012-BLG-0211 2613.6/2603 6013.1185 -0.00015 49 0.00053 ... ... ...
±0.0003 ±0.00002 ±2 ±0.00002 ... ... ...
OGLE-2012-BLG-0456 5636.7/5593 6047.101 0.2769 7.356 0.04624 1.0684 0.944 2.2766
±0.006 ±0.0003 ±0.004 ±0.00002 ±0.0006 ±0.004 ±0.0008
MOA-2012-BLG-532 6378.8/6325 6151.734 0.0135 13.3 0.00144 6.1 0.47 2.106
±0.002 ±0.0002 ±0.1 ±0.00001 ±0.1 ±0.04 ±0.008
MOA-2013-BLG-029 7815.9/7744 6353.00 0.413 11.74 0.0209 0.894 0.051 3.781
±0.02 ±0.007 ±0.08 ±0.0004 ±0.002 ±0.001 ±0.003
NOTE. — Here t0 is listed as HJD-2450000.
TABLE 5. SOURCE AND BLEND FLUXES
Event Fs Fb Fb/Fs
OGLE-2004-BLG-368 5.1 ± 0.1 -0.2 ± 0.1 -0.03 ± 0.02
OGLE-2012-BLG-0211 0.149 ± 0.007 0.740 ± 0.007 5.0 ± 0.3
OGLE-2012-BLG-0456 13.53 ± 0.01 -0.07 ± 0.01 -0.0053 ± 0.0007
MOA-2012-BLG-532 0.1016 ± 0.0009 0.0293 ± 0.0006 0.29 ± 0.01
MOA-2013-BLG-029 4.21 ± 0.08 0.24 ± 0.08 0.06 ± 0.02
NOTE. — The values quoted here are for a photometric system in which one photon per second is measured from an 18th-magnitude object, and are measured
from the OGLE data.
FIG. 3.— Light curve of MOA-2005-BLG-036. The notations are the same
as those in Figure 2.
source radius, u0 < ρ, indicating that the lens passed over the
source star. As a result, the peak of the light curve is affected
by severe finite-source effects and deviates from the standard
point-source model.
OGLE-2012-0211 was also caused by a single lensing
mass. As in the case of MOA-2005-BLG-36, u0 < ρ, so the
FIG. 4.— Light curve of OGLE-2012-BLG-0211. The notations are the
same as those in Figure 2.
peak of the light curve is similarly affected by finite-source
effects. Although the coverage of the peak is incomplete,
the data sufficiently cover the portion of the trajectory dur-
ing which the lens finishes traversing the disk of the source,
allowing for the precise measurement of ρ.
The event OGLE-2012-BLG-0456 was produced by a bi-
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FIG. 5.— Light curve of OGLE-2012-BLG-0456. The notations are the
same as those in Figure 2.
nary with a projected separation near unity. Such a resonant
lens configuration creates a single large caustic that is located
between the two lens masses. The initial bump in the light
curve occurred when the source crossed the cusp near the less-
massive lens component at HJD′ ≈ 6045. The source then
passed inside the caustic, producing the second bump when it
exited the caustic at HJD′ ≈ 6050. Due to the severe finite-
source effects that arise from ρ being comparable to the size
of the caustic features, each caustic crossing did not form the
sharp spike that is characteristic of a point-like source, but
instead exhibited a rounded shape.
The light curve of MOA-2012-BLG-532 is characterized by
a strong bump followed by a weaker bump near the peak of the
light curve. From modeling we find that this central deviation
can be explained either by a very close, s≪ 1, or a very wide,
s≫ 1, binary. This degeneracy, known as the close/wide bi-
nary degeneracy, is caused by the similarity in both size and
shape of the central caustic of the two sets of binary configura-
tions (Griest & Safizadeh 1998; Dominik 1999). We find that
the wide solution yields a slightly better fit by ∆χ2 ≈ 10 and
thus present the analysis based on the wide solution. In this
case, the close/wide degeneracy stems from the intrinsic sim-
ilarity of the caustics and thus does not lead to a significant
difference in the characteristic length or time scales. In the
case of MOA-2012-BLG-532, the values for θE and µ for the
close and wide solutions are within one sigma of each other.
We find that the strong bump was caused by the passage of the
source across the tip of the protruding cusp and that the weak
bump was produced by the source’s approach to another cusp
of the central caustic.
Similar to MOA-2012-BLG-532, the light curve of MOA-
2013-BLG-029 is characterized by two bumps near the peak.
We find that the event was produced by a close binary with
a separation not much smaller than the Einstein radius. As
with OGLE-2012-BLG-0456, this produces a single, resonant
FIG. 6.— Light curve of MOA-2012-BLG-532. The notations are the same
as those in Figure 2.
FIG. 7.— Light curve of MOA-2013-BLG-029. The notations are the same
as those in Figure 2.
caustic. In this case, the resonant caustic is elongated, and the
deviations were due to successive passages of the source near
the cusps of the elongated portion of the caustic. We note that
the mass ratio of the binary lens, q≈ 0.05, is small. Consider-
ing that the time scale of the event, tE ≈ 12 days, is typical for
events produced by low-mass stars, the small q suggests that
the lower-mass lens component is likely a substellar object
such as a brown dwarf or even a giant planet.
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Figure 8 contains the geometry of each event, showing the
source trajectory with respect to the lens position and caus-
tics (in the case of the binary lenses). For all events we find
no strong evidence for the presence of higher-order effects
such as microlens parallax caused by the change of the ob-
server’s position induced by the Earth’s orbital motion (Gould
1992; Alcock et al. 1995) or a change in the lens position in-
duced by the orbital motion of the lens (Dominik 1998; Al-
brow et al. 2000; Shin et al. 2011; Skowron et al. 2011; Jung
et al. 2013). This is unsurprising given the relatively short
time scale of most of the events, with tE . 13 days. The time
scale of OGLE-2012-BLG-0211 is longer than those of the
other events, but it is not long enough for secure detection of
the parallax effect. Additionally, the event is caused by a sin-
gle mass and thus there is no orbital motion of the lens. We
did not consider the effects of terrestrial parallax (Hardy &
Walker 1995; Holz & Wald 1996; Gould et al. 2009).
4. RESULTS
In Table 6 we present θE and µ for the events newly an-
alyzed in this paper as well as the other events with high µ
from the literature, listed together chronologically. This cat-
alog includes 20 lensing events over the period 2004 – 2013
with high relative lens-source proper motion, µ& 8 mas yr−1,
providing a list of events whose source and lens will be suf-
ficiently separated in the next .12 years for follow-up obser-
vations using ground-based AO systems or space telescopes
that will be able to resolve each component separately.
There exist several instruments that are currently able to
observe the Galactic Bulge and achieve the spatial resolu-
tion necessary to resolve the lens from the source for each
of these events (.0.1′′). The Hubble Space Telescope (HST)
obtains ∼0.1′′ resolution in the NIR with WFC3 (Sabbi &
WFC3 Team 2013). Additionally, imaging in the optical with
HST provides even greater spatial resolution (∼0.04′′) and al-
lows for direct comparison to OGLE I-band photometry. On
the ground there are multiple instruments with AO systems
able to obtain angular resolution at or near the diffraction limit
of their respective telescopes in the NIR, including NaCo on
the 8.2m UT4 VLT at Cerro Paranal in Chile (Lagrange et al.
2003), ALTAIR on the 8.1m Gemini N (Christou et al. 2010)
and IRCS on the 8.2m Subaru Telescope (Kobayashi et al.
2000), both at Mauna Kea in Hawaii, GeMs on the 8.1m Gem-
ini S at Cerro Pachon in Chile (Rigaut et al. 2012), and NIRC2
on the 10m Keck II telescope at Mauna Kea in Hawaii (Wiz-
inowich et al. 2000).
There is also a myriad of planned next-generation space and
ground-based telescopes that will be able to achieve such high
angular resolution. In space there will be Euclid, which will
achieve∼0.1′′ and∼0.3′′ resolution at visible and NIR wave-
lengths, respectively (Laureijs et al. 2011), JWST, which will
achieve ∼0.03′′ resolution in the NIR with NIRCam (Greene
et al. 2010), and, potentially, WFIRST, whose AFTA design
can achieve∼0.1′′ resolution in the NIR (Spergel et al. 2013).
Currently there are three extremely large telescopes with di-
ameters greater than 20 meters planned, each with a proposed
AO system to be used with a NIR imager, including EPICS
on the 39.3m European Extremely Large Telescope (Vérin-
aud et al. 2010), NFIRAOS on the 30m Thirty Meter Tele-
scope (Ellerbroek 2013), and GMTIFS on the 25.4m Giant
Magellan Telescope (McGregor et al. 2012).
5. CONCLUSIONS
Here we have presented a catalog of microlensing events
over the period 2004 – 2013 with high proper motion, µ & 8
mas yr−1. In the next .12 years, each of the events in our
catalog will be sufficiently separated for direct imaging of the
lens system. There are several ground-based telescopes with
AO systems operating at or near the diffraction limit and space
telescopes that have or will have the angular resolution nec-
essary to resolve the lens from the source on that time scale.
Such observations will further characterize each lens system
and provide valuable insight into Galactic structure.
We also urge for immediate high-resolution images to
be taken of the six events whose lens and source are
currently .20 mas. This includes MOA-2011-BLG-040
(∼24 mas), OGLE-2012-BLG-0211 (∼24), OGLE-2012-
BLG-0456 (∼24), MOA-2012-BLG-532 (∼18), MOA-2013-
BLG-029 (∼8.4), and MOA-2013-BLG-220 (∼12.5). For
these events, the lens and source will still be unresolved in
high-resolution images taken in the very near future. It will
then be possible to compare the estimate of the lens flux ob-
tained using this initial image with that obtained directly us-
ing a future high-resolution image taken when the source and
lens are resolved. This comparison will provide an empirical
check on the robustness of the single-epoch method currently
being used to estimate lens masses for many events.
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